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AINTRODUCTION

Remotely sensed imagery obtained from Earth-observing satellites now spans decades, making possible the mapping of
land cover across large regions by classification of satellite images. However, the accuracy of these derived maps must 10 0 10 20

iti ificati i i ificati ™ L : : o . . . o . /products/analysi itoring/ensostuff/ html.
be known as .a condition of the classification. Although the t?est referenc; data against which to evaluate clasglﬁcatlons : extensive and the other two rare, i.c <2% overall ol leiators oy Al pemilnt PR e, el L e gov/products/analysis_monitoring/ensostuff/ensoyears.htm
are those which have been collected on the ground near the time of satellite overpass, such data are rarely available for i A extent. errors in reference data interpretation heterogeneous watershed environment Skirvin, S.M., S.E. Drake, J.K. Maingi, S.E. Marsh, and W.G. Kepner. 2000. An
retrospective, multi-temporal studies, and alternatives must be found. Based on this need, the U.S. Environmental i gx ) : ’ ISccura;y A;sisrr\l)\clntt ofhl ZQZUL;IKZM Thf):mStlsc Igdappcr Dcrltvii LindtCovzr for the
. . . . . i . . . . . . Lo . X pper San Pedro Watershed (U.S./Mexico); U.S. Environmental Protection Agency,
Protection Agency has estabhshed a priority research area for the @eyelopment and implementation of methods to a7 1992 Map/ DQQ Met.hod ’ ' The Agriculture class was mapped with higher Producer's The results discussed in this report indicate that historical Office of Research and Development, EPA/600/R-00/097. 15 pp.
document the accuracy of classified land cover and land characteristics databases (Jones et al., 2000). Flagstaf Whetsone M. ; The error matrix ‘show.mg Producer's anq User's, than User's accuracy in all four maps, and was confused aerial photography, DOQ data, and higher resolution data U.S. Environmental Protection Agency. 1993. North American Landscape
Classificati for four land fthe San Pedro River Watershed in southeast and overall classification accuracy, and IPChldmg with Desertscrub, Riparian and Mesquite Woodland (i.e., airborne video) can be successfully used to perform Characterization (NALC). Research Brief. EPA/600/S-93/0005, Office of Research and
A asst 1ca[}§r;acc1(11rac¥thor ;)ur esm covirllme}ps orte luated usi a1 ohotoeranhy. dieit lmrst(})lu }f ats e ARIZONA ? the Kappa and tau coefficients is shown in classes. There may have been difficulty in distinguishing classification accuracy assessment on land cover maps Development, Washington, D.C., 8pp.
rizona, , all .IIO cas ern gnora, ?choa were .eva ga €d using acrial photography, ) 1gital o Op. oto ) Sra— { Table 5. An overall accuracy of about 75% was fallow and abandoned fields from adjacent Desertscrub derived from historical satellite data. The use of DOQ van Genderen, J L. aer B. F Lock. 1977. Testing land use map accuracy.
quadrangles, and high resolution airborne video. Classifications were performed at the Instituto del Medio Ambiente y obtained. Producer's and User's accuracies : : : : : : o Photogrammetric Engineering and Remote Sensing 43:1135-37.
’ . . . —_— d and Mesquite Woodland, since their spectral response is data sets to assess satellite-derived classification
el Desarrollo Sustentable del Estado de Sonora (IMADES, Hermosillo, Mexico) while accuracy was assessed by ule Mis. varied from 100% to 63% and 95% to 44% . . L .
t the University of Ari - At d Lockheed Martin Envi tal Services (Las Vi / ' > dominated by soil background. accuracies is a viable methodology that can be applied to
Igilroupds a TE . niversity of Arizona ( ucson, rlzonlf) and Lockheed Martin rll\zlfonrpen 211 1erv1c<:sk ( as eg?llsjzooo . anelo Hills respectively. Urban apd Barren classes had the assess classification accuracy in other project areas
evada). This presentation integrates previous work on accuracy assessment (Maingi et al., 1999, Skirvin et al., ), , lowest User's accuracies, i.e., 44% and 55%. The Water class had the smallest areal extent and was using Landsat MSS data obtained from the North Table 6. Classification accuracy error matrix for the 1997 digital land cover

describes the methods and results for each classification, and discusses some associated issues.
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1973/1986 Maps/

Photointerpretation Method

Examination by map class of the 1973 and 1986
results (Tables 3 and 4) indicates that there is
substantial variability in classification accuracy.
Overall accuracy equaled 69.7% and 68%,
respectively for the two digital maps. Producer's
and User's accuracies varied considerably, e.g.,
1973 Producer's accuracy varied from 100% to
25% and 1986 Producer's accuracy varied from
97% to 0%. Three classes, i.e., Mesquite
Woodland, Water, and Barren, presented
difficulty for classification. Of these, one is

1997 Map/Airborne Videography Method

Overall map accuracies of 68 to 75% were similar among
the four maps, despite the use of three different methods
and four different reference data sets. For five of the ten
land cover classes in all four maps, Producer's and User's
accuracy were similar to the overall classification
accuracies and ranged between 61 and 100%.

Classes mapped with lower than average accuracy
included the small-area Agriculture, Urban, Water and
Barren classes and the widespread Mesquite Woodland
class. Factors likely to have contributed to class
confusions included: cover changes between the dates of
image and reference data (e.g., for 1973 and 1986 maps),
high spatial variability within classes including areas

dominated by soil background, differing interpretations of

likely to have changed between the dates of images and
reference data, due to the ephemeral nature of most

spectral response, and can be difficult to distinguish from

truly barren areas at MSS pixel size.

Both User's and Producer's accuracy of all four maps
were generally low for Mesquite Woodland (30% and
80% respectively for 1973; 40% to 65% for other years).
Class confusions included all but the Forest class, with
especially large errors in the Grassland and Desertscrub
classes. In large part this may reflect both the spatially
and temporally transitional nature of this class, as well as
differences in interpretation among the groups performing
image classification and assessment. In reality, these
classes intergrade subtly more often than not, and viable
criteria could be established to separate intermediate
cases. It is also possible that the resolution of MSS
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map using airborne videography.

A use of historic aerial photographs may represent the -
v F Examination by map class of the 1997 results surface water in this semi-arid environment. Reference il el technoliogy fgor Ir)e trospzc ti\l:ely REFERENCE (Video Frame Data)
Pisss (Table 6) indicates that there is substantial aerial photography acquired in June 1983 followed - s 1 2 3 4 5 6 7 8 9| 10lcrand
j—. . ) z i i variability in classification accuracy. Producer's several wetter than usual months resulting from a winter Z?Z;Z?lgogvg;;lfzii(ilrg:::)lhlzﬁilcover Total
f 1 0, 0, ! o s )
Four sets of land cover maps for the Upper San Pedro Watershed were accuracy, the total of correct classifications (the sum of the major diagonal of ) Sorra Los Aos accuracy }/arleslgrgg/n 10(1) 3/g/t0 ;4 %, and IIJser s 1982-1983 ENSO event (Easterling et al., 1996; NOAA, (1:40,000 scale) often makes this task 1] 20 4 0 0 0 0 0 0 NA 0 24
available for classification accuracy assessment. These maps were generated the error matrix) is divided by the total number of pixels in the error matrix. 52 : a;curacy rom oto th- or mos‘:ﬂc asszs 2001). The Watgr class §ould not be evglua.ted in 1986 difficult. The use of georeferenced 2 2| 50 0 3 0 0 0 ol NA 0 55
from 5 June 1973, 10 June 1986, and 2 June 1992 Landsat Multi-Spectral The "Producer's" accuracy is calculated by dividing the number of correct = =g i tf ﬁtWOhmeélsureS o rfo 161(% 92)]‘; OII}I:l)lar% e and_ 1997 due to lnsufﬁm.em representation in reference high-resolution airborne videography 3 0 1 27 13 12 5 0 11 NnA 0 56
Scanner (North American Landscape Characterization project, USEPA 1993) classifications in a category by the total number of pixels for that category in ST ST W Aa .Wltl nlln the r;rll\%[e o . -W O.dl z larren, acrial photographs and videography. appears to provide the best 4 0 sl 16| 113| 21 0 0 11 NA ol 159
. : . . - griculture, and Mesquite Woodland classes
and‘ § June 1997. Landsat Thematic Mapper images. The MSS 1magery was the corresponding F:olumn (the refer‘erch'a data or photointerpreter class). ’ Th? In order to determine which points along the video flight lines fell within homogeneous areas, video point Class 9 (Water) was excluded from analysis for lack of data (only 6 possible frames) and does not d difficulty for classificati The Barren class was mapped with poor accuracy overall methodology for contemporary
rojected to Universal Transverse Mercator ground coordinates with a pixel "User's" accuracy is calculated by dividing the number of correct classifications ] ] . . .. presented some difficulty for classification. pp p y o . o 5 0 4 4| 12| 115 0 0 2 N/A 0 137
Proj £60 - the 30 ™ & led and 131 h i b ?[Ih total b y Fpi 1g o i th coverages were intersected with the homogeneous land cover polygon coverage. We assumed a + 5% appear in the final error matrix. A surplus of about 15% over the calculated minimum number of User's accuracies reported for these classes (0% correct in 1986 map). It was most often confused landscape characterlzatlor} pr.()]ects 6 0 0 0 0 ol 21 5 1 NA 0 24
size of meters; the metfer. imagery was resampled and mappe witha inaca egory by the ﬁ a pt}ml er o 1plxe s for 1a category in the allowable error and an overall map accuracy of at least 60% and determined we needed a total of 369 frames needed in each class was selected, giving the set of 527 frames (instead of the minimum 464). equaled 13%, 21%, and 48%, respectively. with Mesquite Woodland, Grassland, and Desertscrub. based on the case of acqu1s1t19n O 0 . y 0 . . TN . ”
pixel size of 60 meters to facilitate comparison. corresponding row (the digital map land cover class). sample points for the accuracy assessment. Apportionment of sample points to the different land cover The latitnde. lonzitude. vid librarv identif PR e " lected These classes generally have sparse vegetation cover, with and the superior scale resolution “ Z
ot . classes was stratified according to area. However, because the area covered by some of the smaller land & ity ot vildesipe o dan ey, & e et gl B 92l el vrels ding i ixels dominated by soil Il (1:200 at 15X-zoom). > 8 0 0 0 0 0 0 0] 24| NA 0 24
A 1.0-c1ass classification scheme was used for the 1973, 1986, 1992 and 1.997 Digital Orthophoto Quadrangles (1992 Map) . | it g 46 the oSt of the ol oo ol y t e szl o e e sl tiemsrsion, glons i e 1 w6 Shsertis toms dhomin fim 1551 1. corresponding image pixels dominated by soil or roc o s T AT AT AT AT AT Al NAT AT NAT A A
digital maps (Table 1). The selected cover classes represent very broad biome-  Accuracy assessment of the 1992 land cover map was performed using black CONEIICLASSCSMVASIIC S ST ICICODAICY LOLNENCSHUILICIC ASSCR JUCSCIC ASSCRAVETCHIONUDPOINOICUL . . . . . .
\ 3 3 - e ) X o . fficient ber of le points. The desired mini ber of le points f 1 20 and the instruction that each video frame in the selected sample be located, visually interpreted and 10 0 0 5 0 19 0 0 ol NA 3 24
level categories of biological organization and are similar to the ecological and white 1:24,000 scale Digital Orthophoto Quadrangle (DOQ) images suh'l(lquejn um derho S 9 PE Sl- eb eSlrfe mllilmul.n nuflrn er307 lsanlﬁsz points for any class was 20, classified info one of the 10 map classes T G e e e T
formation levels as provided in the Classification System for Biotic Commu- acquired from the U.S. Geological Survey. The DOQs were acquired in 1992 which increased the minimum total number of sample points from 3/1 to 264. ' L : : Grand Total | 22| 67| 50| 141| 182| 25 7] 30| N/A 3| 527
nities of North Amerlcg (Brown et al., 1979). The ten classes 1qclu4ed Forest, and were therefore contemporaneous with the dlg}tal land cover map; Table 1. Land cover class descriptions for the Upper San Pedro Watershed (U.S./Mexico). After. mterpretatmn and classification of the sampled 527 video frames, the assigned video map using aerial photo interpretations Table 5. Classification accuracy error matrix for the 1992 digital land cover
Oak Woodland, Mesquite Woodland, Grassland, Desertscrub, Riparian, approximately 60 DOQs were used for the analysis. classifications were used to create an error matrix for the data and to generate Cohen's Kappa and REFERENCE (Aerial Photo Data) map using digital orthophoto quadrangles. Land Cover Class 1997 Video | Number | Producer’s User’s
Agriculture, Urban, Water, and Barren. The classes were selected prior to . Forest Vegetative communities comprised principally of coniferous trees potentially over Kendall's tau-b statistics for quantification of overall classification accuracy. Raw percent correct for 1 2 3 4 5 6 7 8 9 10 lGrand Map Total | Correct Accuracy Accuracy
digitally classifying the imagery and after direct consultation with the major Wi assumedia £ 5% allowable error and an oyerall map accuracy ofat least 10 m in height and frequently characterized by closed or multi-layered canopies. the matrix, and User's and Producer's accuracies for each class were also calculated. Total REFERENCE (Digital Orthophoto Quadrangles) Total (%) (%)
land managers and stakeholder groups within the San Pedro Watershed in 60% and then u.se.d an equation based on bln(?mlal probaobﬂlty theory t,o Oak Vegetative communities dominated by evergreen trees (Quercus spp.) with a mean Table 3. Classi . . he 1973 dicital land 1 19 7 0 0 0 0 0 ol NA 0 20 1 2 3 4 5 6 7 8 9 10 |Grand 1. Forest 24 22 20 90.91 83.33
Arizona and Mexico (Kepner et al., 2000). calculate the minimum number of sample points at a 95% confidence interval. Woodland height usually between 6 and 15 m. Tree canopy is usually open or interrupted and able 3. Classification accuracy error matrix for the igital land cover Total BN = - - i 5.0
’ A ) i oo . ind ) singularly layered. map using aerial photo interpretations. 2 3 35 0 1 0 0 0 0| N/A 0 39 - = > 5 5 5 5 5 5 5 5 = - 5 0 > 4'00 48.21
: : : ortionment of the sample points to the different land cover categories was 3. M ite Woodland 5 5 7 54. .
Historical Aerial Photography (1973 and 1986 Maps) e pep v 5 W Mesquite Vegetative communities dominated by leguminous trees with crowns covering more REFERENCE (Aerial Photo Data 3 0 0| 17 3] 19 0 1 0] NA[ 2 42 esquite oodlan
Accuracy assessment of the 1973 and 1986 land cover maps was performed by stratified random sampling. Hovyever, jbe?cause the area covered by some of L LT B than 15% of the ground and often resulting in dense thickets. Generally found at > 4 0 ol 12 77| 12 0 1 ol NA 5 104 2 0] 44 0 3 1 0 0 0 0 0 48 4. Grassland 159 141 113 80.14 71.07
using 1:40,000 scale aerial photography acquired during June 1971, 1983, and e smaller rare land cover classes is negligible compared to the rest of the elevations below 1,200 m. 11 2| 3| 4/ 5 6/ 7| 8| 9| 10][Grand 3] o] 2[ ao| of 10| 1] o] of of of 2 5. Desertscrub 137 182 115 63.19 83.94
1984g Ad(iitionally April aEd Seﬁteﬁlb);r frqames were ftilized from, 1972’and el fiests GERER 7Rl [l ey i emes 2 ShelEm MUt er 6 frmipls [IEEHENT I Vegetative communities dominated by perennial and annual grasses with occasional el = > 0 0 8] 1B ™ 0 . 0| WA 0 23 4 0 6| 12| e8| 17 0 0 0 0 0 103 6. Riparian 24 25 21 84'00 87.50
1984, respectively. points. In these situations the smallest sample per class should be 20 or 30 for herbaceous species present. Grass height usually under 1 m. Generally found at @ 1 19 0 0 0 0 0 0 0 0 20 6 0 0 0 1 1 19 2 0| N/A 0 23 5 0 y sl 11 50 . 0 . 5 5 105 7- A toultins = : : = .43 20_83
maps in which the admissible percentage errors are 15% and 10%, respectively elevations between 1,100 and 1,700 m. © 2 1 33 0 3 0 0 0 0 0 0 37 7 0 0 1 4 3 2 9 1| N/A 0 20 % : : :
: : : : : s o 5 = 0 0 0 0 0 2 8 0 0 0 2 . . .
Sample points were randomly generated using the registration parameters of (van Genderen and Lock 1977). For this reason, we set 20 as the minimum T N \egetative communities comprised of short shrubs with sparse foliage and small = 3 0 p = ; 0 B B B B B 5 8 8 0 0 0 5 3 0 ol 13| NA 0 21 6 0 3 8. Urban 24 30 24 80.00 100.00
digital orthophoto quadrangles acquired in 1992. A grid with a resolution three ~ number of sample points for any class, therefore increasing our total number of cacti that occur between 700 and 1,500 m in elevation. 2 2 5 o 13 ezl = 5 5 5 p T 128 . ol vAl Al NAal Nval val val val nval Nal val wa 7 0 0 1 0 0 4] 18 0 0 0 23 9. Water N/A N/A N/A N/A N/A
times the land cover pixel size (180 m by 180 m for the 60-m2 pixel) was required sample points from 370 to 457. Riparian Vegetative communities adjacent to perennial and intermittent stream reaches. g . . ” » . . . . ] o> 10 0 0 3 10 Z 0 0 ol A D 50 > 8 0 0 2 1 10 0 1 11 0 0] 25 10. Barren 24 3 3 100.00 12.50
generated and laid over the land cover map. An allocation of sample points to . . . . Trees can potentially exceed an overstory height of 10 m and are frequently c 5 96 122 - 9 0 0 1 0 0 0 0 0 19 0 20 Total 527 527 378
land cover classes was determined by stratified (by land cover class area) Generation of sample points within the area covered by available DOQs was characterized by closed or multi-layered canopies. G 6 0 0 3 0 2 15 0 0 0 0 20 Grand Total | 22| 36| 41| 114| 119| 21 13| 14| N/A 4 384 10 0 0 0 = 5 0 0 0 ol 11 20
. . . . performed in ERDAS Imagine (Version 8.3) and relied on a window majority : . . - . . w
random sampling with a planned sample size of approximately 400 for each _ _ : ) VCTi=OTC Crops actively cultivated and irrigated (ground and pivot-sprinkler systems). S 7 0 0 3 0 7 11 10 0 0 1 22 Total | 22 4 12 2 2] 11| 1 11 457 Overall Accuracy (%) 71.73
ear. The samples were apportioned amone the land cover classifications rule. In generating each stratified random sample point, a window kernel of ) Land Cover Class 1986 Photo- | Number | Producer’s T Grand Tota 55| 6 99 9 5 9 5 y (7o -
year. . p . p,p . g, L -bv-3 pixel hl 1 1 Iti lecti Urban Land cover dominated by small ejidos (farming villages or communes), retirement =) 8 0 0 0 2 5 0 13 0 0 20 ;
3-by-3 pixels moved across each land cover class and would result in selection Atz ! ] ) ) Map |interpreter | Correct | Accuracy Accuracy
according to area with the intention of selecting a minimum of at least 20 . . .. . .. (Low and homes, or residential neighborhoods (Sierra Vista, AZ). Some heavy industry (open- ® 9 0 0 4 3 6 0 1 0 3 3 20 o o , , At
samples per class; we assumed a 5% allowable error and overall map of a sample point only if a clear majority threshold of six pixels out of nine in RSN (it copper mining). 5 Total Total (%) (%) Land Cover Class 1992 DOQ | Number | Producer’s User’s Coefficient Value Standard Error
accuracy of at e g s p—— sample points at the window belonged to the same class. Generation of sample points in this Water This cateqory is mostly represented by perennial reaches of the San Pedro and = il g v 0 2 0 0 0 ! 2 20 1. Forest 20 22 19 86.40 95.00 Map Total | Correct Accurat‘;)y Accura:;y Kendall's Tau-B 0.741 0.024
a 95% confidence interval. Class 9 (water) was excluded from the 1986 manner ensured that the points were extracted from areas of relatively Babocom%rin;ivers ang incFIJudes someya?tached pools, repressos (earthen Grand Total 20 35 53| 114 152 18 1 13 5 8 429 2. Oak Woodland 39 36 35 97.20 89.70 Total (e) ) Cohen’s Kappa 0.646 0.024
analysis for lack of data (only 6 possible frames) and does not appear in the homogenous land cover class. reservoirs), tailings ponds, and recreational ponds. 3. Mesquite Woodland 42 41 17 41.50 40.50 ; zo':‘s’; . j: 22 jj 12888 21 2;
final error marix Most of the land cover classes were fairly well represented in the DOQs. Only a cludi CI?S'S[' repretﬁe?ted k|)y Iaﬁge LOCk ?ugcrgpping o a?jﬁve ar:dt'a pandoned mines rand Gover Glass ;nz? interphrg::; T:l::}gi: PA?::ﬂ::::; Accl:Juer::; 4. Grassland 104 114 s 0750 72.09 3- Ma (')to v: 3 dland 62 64 40 62.50 64,52
: : the Barren and Agriculture classes were poorly represented in the available (including tailings) that are largely absent of above-ground vegetation. o o 5. Desertscrub 95 119 74 6220 7790 - _Mesquite Woodlan ; ]
Two mutually exclusive sets of sample points were generated for both 1973 : i Total Total (%) (%) 4 G land 103 99 68 68.69 66.02
_ _ ¢ ible. pixels sel ) DOQs covering 5.3% and 14.2% of the map area, respectively. After . , . — 6. Riparian 23 21 19 90.50 82 60 E=ld S STl 0 :
(n=429) and 1986 (n = 384). Insofar as possible, pixels selected as sample . . . o Table 2. Film available and acquired for 1973 and 1986 accuracy assessment of digital 1. Forest 20 20 19 95.00 95.00 - KNP ] : 109 129 89 68.99 8165
it ted the center of the 180-m? h e the 3-by-3 interpretation of the 457 DOQ sample frames, the assigned classifications were 7 Aaricul 20 13 9 6920 45.00 5. Desertscrub . .
o : - . Oak Woodlan . . : : : P
sites represented the center of the -m2 homogeneous area (i.e., the 3-by- land cover datafgr the Upper San Pedro Watershed. 2. Oak Woodland 37 35 33 94.29 89.19 griculture
square of 9 pixels all representing the same class of land cover) on the land used to generate an error matrix and used to compute the accuracy of each - 3. Urb o1 12 13 92.90 51.90 6. Riparian 23 25 20 80.00 86.96
cover map. In cases where a land cover class was not often represented (e.g. category, along with both commission and omission errors. In addition, Date Source Scale Film Type Total Frames 3. Mesquite Woodland 20 53 16 30.19 80.00 ——=an . - 7. Agriculture 23 22 18 81.82 78.26 :
water), pixel sample points were chosen with a majority of at least six pixels, summary statistics for the matrix as a whole (overall classification accuracy, June 21, 1971 USGS/EDC 1:38,000  Black and White 5 4. Grassland 128 114 92 80.70 71.88 51’0 V;ater Nz?) N': Ng‘ 0’:’; 0'\(1)'8 8. Urban 25 11 11 100.00 44.00 !
- . . isti i . Barren . .
out of nine in the window belonging to the same class. The land cover Kappa and tau statistics) were calculated. Air Force 5. Dfeselztscrub 122 152 96 63.10 78.69 are 9. Water 20 19 19 100.00 95.00
classification was based on the center pixel. Aerial photographs from 1971 Airborne Videography (1997 Map) June 29, 1971 USGS/EDC  1:39,000  Black and White 21 6. Riparian 20 18 15 83.33 75.00 Total 384 384 263 10. Barren 20 11 11 100.00 55 00
and 1972 were used to assess the 1973 (’11g1ta1 map and from 1983 and 1984 Accuracy assessment of the 1997 land cover map was performed using airborne Air Force 7. Agriculture 22 11 10 90.91 45.45 ° A ” 55,00 Total 457 457 342
for the 1986 map (Table 2?. Onf:? acqp1red, t‘hese photographs were plottedon  ¢ojor video data encoded with GPS time and latitude and longitude coordinates. April 21,1972 USGS 1:40,000  Black and White 41 8. Urban 20 13 13 100.00 65.00 verall Accuracy (%) :
b?SP maps to establish their positions in relation to the sample g The The video data were acquired between 2 and 5 May 1997 and were therefore June 27, 1983 UsSGSs/ 1:40,000  Black and White 11 9. Water 20 5 3 60.00 15.00 - Overall Accuracy (%) 74.84
digital orthopl.mto quadrangle imagery was used as a tool t.o asswt. in the . nearly coincident with the June Landsat TM scene. There were 11 hours of NHAP83* 10. Barren 20 8 5 25.00 10.00 Coefficient Value Standard Error
accurate location of sample points on the photographs during the interpretation continuously recorded videography of the San Pedro Watershed for the area June 30, 1983 USGS/ 1:40,000  Black and White 2 - s s BeE Kendall’s Tau-B 0.593 0.039 Coefficlent Value Standard Error
process. north of the U.S.-Mexico border. The 1997 video footage was acquired by NHAP83* Cohen’s Kappa 0.612 0.029 ol TouD 0770 5025
When identification of land cover for all sample points was completed, the land flying north-south transects spaced 5 km apart and the total flight coverage June 7, 1984 USGS/ 1:40,000  Black and White 22 Overall Accuracy (%) 69.71 Ce: a, SK - 0. 01 0.02
cover identification for each sample point was compared with the land cover encompassed a distance of nearly 2000 km. The encoded airborne video GPS NHAP83” - SIS '7 22
. e . time and geographic coordinate data were extracted from the video for each . i a
shown on the digital land cover maps. The classification error matrices and the September 5, 1984 USGS/ 1:40,000  Black and White 6 .
Producer's, Userg's and overall class?ﬁcation accuracy along with Cohen's flight .line. Fli,ght line coverages were reprojected from geographic to UTM NHAP83* (éoe;flﬁ,l er_:_t B \éa(;:: Standard : g;; . . . ¢ .
Kappa and Kendall's tau-b coefficients were calculated. To obtain overall map coordinates with the same projection as the 1997 land cover map. Total Number of Frames 108 cndars aw : : a i
: - - - - Cohen’s Kappa 0.621 0.027 y -
U.S. Geological Survey National High-Altitude Program . " . . a a . c:.A (A @ I.|
< < ; - _f _f



